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Abstract. During 1996–1998 60,619 mosquitoes were collected around Cairns, Australia and processed for Al-
phavirus isolation. Thirty-three isolates of Ross River (RR) virus were made from 9 species, Aedes imprimens, Aedes
kochi, Aedes notoscriptus, Aedes vigilax, Culex annulirostris, Culex gelidus, Mansonia septempunctata, Verrallina
(formerly Aedes) carmenti, and Verrallina lineatus. Attempts to isolate RR virus from 121 Aedes aegypti were
unsuccessful. Twenty-six (79%) of the isolates came from within 1 km of a colony of spectacled flying-foxes, Pteropus
conspicillatus. The minimum infection rate for these mosquitoes was 1.0 compared with 0.2 per 1,000 for mosquitoes
trapped at all other sites. Ross River virus has not previously been isolated from Ae. imprimens, Cx. gelidus, Ma.
septempunctata, Ve. carmenti, or Ve. lineatus. This is also the first isolation of an arbovirus from Cx. gelidus in
Australia. In conclusion, the vector status of Ve. carmenti, Ae. aegypti and Ma. septempunctata warrants further study.
This study also provides evidence that P. conspicillatus may be a reservoir host.
Ross River (RR) virus is a mosquito-borne Alphavirus that
occurs in Australia, Papua New Guinea, and the Solomon
Islands.1–3 Human infection may cause arthralgia and arthri-
tis, possibly persisting for long periods.4,5 The average num-
ber of notified cases in Australia during 1991–1996 was
4,800 with a maximum of 7,823 in 1996 and a minimum of
2,602 in 1995. The majority of notifications come from
Queensland,6 especially north Queensland. During 1989–
1992 the incidences in Cairns and Townsville, provincial cit-
ies in the north, ranged from 131 to 233 and 150 to 367,
respectively, while the incidence in Brisbane, the state cap-
ital in the southeast, ranged from 17 to 96 per 100,000 per
annum.7 In Cairns the majority of cases of human disease
occur during February to April (Tulip F, unpublished data).
In Australia the natural reservoir hosts for RR virus are
kangaroos and wallabies but other species, including horses,
may act as urban reservoirs for human infection.3,8–10 Sero-
logical surveys and virus isolation from mosquitoes trapped
near a flying fox camp suggested flying foxes might be res-
ervoir hosts.8,11,12 However, Ryan and others concluded that
the gray-headed flying-fox, Pteropus poliocephalus, was not
an important reservoir host because only 10 of 510 (2%)
Aedes vigilax that fed on infected flying-foxes were infected
with RR virus after an extrinsic incubation period, and be-
cause RR virus could not be detected in any of 122 blood-
fed Ae. vigilax immediately after feeding on infected P. po-
liocephalus.13
The major vectors of RR virus in Australia are considered
to be Culex annulirostris, Ae. vigilax, and Aedes camptor-
hynchus.9,14–18 Ross River virus has been isolated from 27
mosquito species in Australia comprising 19 Aedes, 2
Anopheles, 1 Coquilletidia, 5 Culex, 1 Mansonia, 3 undes-
cribed species, and an unidentified species of Triptero-
ides.12,16,19–21 However, the vector status of most of these is
unknown.14 Aedes polynesiensis and Aedes aegypti may have
transmitted RR virus in a large epidemic in the South Pacific
in the late 1970s and early 1980s.22,23 There is laboratory
evidence that Ae. aegypti can be infected with and transmit
RR virus, however RR virus has not been isolated from this
species in the field.24–26 The goals of the study reported in
this paper were 1. to determine what mosquito species are
infected with RR virus in the Cairns region, and 2. to com-
pare the minimum infection rates for mosquitoes collected
 1 km and  1 km from a spectacled flying-fox (Pteropus
conspicillatus) camp.
MATERIALS AND METHODS
Mosquito collections. Centers for Disease Control and
Prevention (CDC) traps27 were set between 3.45 and 6.25
PM, and collected between 7.45 and 9.30 AM. Traps were
baited with 1-octen-3-ol (release rate 5 mg/hr)28 and 500 gm
of dry ice. Twenty trapping sites were used, 14 within the
city of Cairns. Trapping was on 12 nights during 1996 (early
February to late March), 6 nights during 1997 (early Feb-
ruary to early April), and 1 night during 1998 (mid Febru-
ary) for a total 60 trap-nights. Two trap-nights were within
suburban yards, otherwise trapping was in Melaleuca
swamps and other natural habitats in and around Cairns.
One of the trapping sites contained a flying-fox camp with
about 15,000 spectacled flying-fox, P. conspicillatus (Olson
A, unpublished data). In the camp the swamp canopy is
dominated by the paperbark Melaleuca quinquenervia, with
Pandanus sp., and Archontophoenix alexandrae (Warming-
ton D, unpublished data). Trapping was performed in this
camp in early February 1996 and mid February to early
April 1997 for a total of 9 trap-nights. Trapping was also
performed in a swampy area approximately 600 meters from
the camp on nights in mid March 1996 and early February
to mid March 1997 for a total of 11 trap-nights. In order to
compare RR virus isolation rates with other trapping sites
results from these 2 flying-fox camp associated sites were
pooled.
On 21 days during mid February to early May 1997 day-
time sampling for Ae. aegypti was conducted in, around or
under houses using either a hand-held battery-powered as-
pirator29 or a sweep-net.
Virus isolation. Sweep-net, aspirator, and CDC trapped
mosquitoes were identified by species, pooled in lots of up
to 100 individuals, and stored at 70C prior to transport on
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TABLE 1
Ross River virus isolates from mosquitoes collected in Cairns, Queensland, Australia from February 1996–February 1998
Mosquito species
No.
processed
No. of
pools
No. of
isolates
MIR/1,000
mosquitoesa
Aedes aegypti
Aedes alboscutellatus
Aedes alternans
Aedes aurantius
Aedes imprimensc
Aedes kochi
Aedes lineatopennis
Aedes littlechildi
Aedes normanensis
Aedes notoscriptus
Aedes palmarum
Aedes quasirubrithorax
Aedes tremulus
Aedes tremulus (male)
121
423
2
50
99
11,405
1
3
2
637
37
3
45
15
18
16
2
8
19
176
1
1
1
46
17
2
22
5
0
0
0
0
1
2
0
0
0
1
0
0
0
0
0.0
0.0
0.0
0.0
10.3
0.2
0.0
0.0
0.0
1.6
0.0
0.0
0.0
0.0
Aedes vigilax
Aedes vittiger
Anopheles annulipes
Anopheles bancroftii
Anopheles farauti
Bironella simmondsi
Coquillettidia crassipes
Culex annulirostris
Culex annulirostris (male)
Culex bitaeniorhynchus
3,308
11
4
24
402
8
22
30,541
5
4
103
3
2
8
31
5
12
378
3
1
1
0
0
0
0
0
0
9
0
0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
0.0
Culex cubiculi
Culex gelidusc
Culex hilli
Culex pullus
Culex quinquefasciatus
Culex sitiens
Culex starckeae
Mansonia septempunctatac
Mansonia uniformis
31
257
15
37
50
250
2
913
52
8
17
3
14
13
21
2
44
13
0
1
0
0
0
0
0
3
0
0.0
4.0
0.0
0.0
0.0
0.0
0.0
5.8
0.0
Mansonia uniformis (male)
Tripteroides magnesianus
Tripteroides sp.
Uranotaenia pygmaea
Uranotaenia sp.
Verrallina carmentib,c
Verrallina funereus
Verrallina lineatusc
Verrallina lineatus (male)
Unidentified
1
1
10
5
35
6,146
975
4,644
1
22
1
1
2
1
5
124
42
110
1
4
0
0
0
0
0
14
0
1
0
0
0.0
0.0
0.0
0.0
0.0
2.4
0.0
0.2
0.0
0.0
Total 60,619 1,306 33 0.6
a Minimum infection rate (MIR) after Chiang and Reeves.30
b Includes 6 isolates from a preliminary study.39
c First recorded isolate from this species.
dry ice to the Centre for Public Health Sciences in Brisbane,
Queensland, Australia. Blood-fed mosquitoes were not pro-
cessed for virus isolation. The method used to isolate virus
was described by Ritchie and others.12 Pools of up to 25
mosquitoes were homogenized by hand in 2 mL cold RPMI-
1640 (Roswell Park Memorial Institute medium) containing
0.2% bovine serum albumin. The homogenates were then
centrifuged; 100 L of supernatant was inoculated onto con-
fluent monolayers of C6–36 (Aedes albopictus) cells in 25
cm2 tissue culture flasks and incubated at 28C. Day 3–5
post-inoculation cells were scraped from the flask onto mi-
croscope slides and air-dried. The cells were examined by
indirect immunofluorescence using the following monoclo-
nal antibodies: 11F4 reactive to Alphaviruses (Ross River,
Barmah Forest, Getah, and Sindbis); 3B3, Barmah Forest
virus specific, and 52/13/1, RR virus specific. Cultures that
were Alphavirus non-reactive were discarded. Repeat isola-
tions were performed for confirmation.
Minimum infection rates (MIRs) per 1,000 mosquitoes
were calculated using the method of Chiang and Reeves.30
RESULTS
A total of 60,619 mosquitoes encompassing 8 genera and
35 species were processed for virus isolation. Most (60,473)
were from CDC traps and the remainder (121 Ae. aegypti
and 25 Culex quinquefasciatus) were from household sweep-
net and aspirator sampling. A total of 33 isolates, all RR
virus, were obtained (Table 1). All isolates reacted with the
general Alphavirus and specific RR virus monoclonal anti-
bodies. Twenty-seven of the RR virus isolates were made
during 1997 when the majority of the mosquitoes were
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TABLE 2
Number of mosquitoes trapped and number of Ross River virus iso-
lates by year of trapping, Cairns, Queensland, Australia, February
1996–February 1998
Year
No. of
mosquitoes No. of pools No. of isolates
1996
1997
1998
14,118
46,334
167
434
860
12
6
27
0
FIGURE 1. Minimum infection rate (MIR) for all mosquito species combined, Culex annulirostris, and Verralina carmenti trapped within
1 km of a flying-fox camp and at all other sites using Centers for Disease Control and Prevention (CDC) traps.
trapped (Table 2). All 6 isolates made during 1996 were
from Verrallina (formerly Aedes) carmenti trapped at the
Russell River (40 km South Southeast of Cairns central busi-
ness district). During 1997, 21 isolates were made from mos-
quitoes trapped in a spectacled flying-fox camp, 5 isolates
from a site approximately 600 m away, and 1 isolate from
another swampy site in Cairns.
Of the 60,473 mosquitoes trapped in CDC traps, 25,875
(43%) were trapped in or within 1 km of a spectacled flying-
fox camp and 26 isolates were from these mosquitoes. Min-
imum infection rates were higher for these mosquitoes than
for those trapped elsewhere (Figure 1). The number of pos-
itive pools was significantly greater for these mosquitoes
than for those trapped elsewhere for all species and for Cx.
annulirostris, but not for Ve. carmenti (2  22.5, P 
0.000; 2  3.97, P  0.046; and 2  1.19, P  0.276,
respectively).
DISCUSSION
This study provides evidence that mosquito species al-
ready recognized as RR virus vectors elsewhere in Australia
are infected with the virus in Cairns. Isolates from a number
of other species suggest that further work on the vector as-
sociations and ecology of the virus in tropical Queensland
is needed.
Virus isolates from Cx. annulirostris, Ae. vigilax, and Ae-
des notoscriptus are consistent with the likely role of these
species as vectors.9,12,16,31,32 However, the virus was also iso-
lated from 5 species not previously associated with RR virus,
Ve. carmenti, Aedes imprimens, Verrallina lineatus, Culex
gelidus, and Mansonia septempunctata.
Small numbers of isolates came from Ma. septumpunc-
tata, Ae. kochi, Ve. lineatus, Ae. imprimens, and Cx. gelidus.
The high infection rate (5.8/1,000) in a relatively small num-
ber of mosquitoes, the fact that it will readily feed on hu-
mans,33 and its local abundance (Ritchie S, unpublished data)
suggest Ma. septumpunctata may be important as a vector
for human RR virus infection. This species therefore war-
rants further investigation. Culex gelidus was first recorded
in Australia in May 1999.34 Our isolate of RR virus from
Cx. gelidus is the first isolate of an arbovirus from this spe-
cies in Australia. Japanese encephalitis (JE) virus has also
recently been isolated from this species in Australia (Mac-
kenzie J and others, unpublished data) and Cx. gelidus is a
known vector of JE virus in Asia.35
The largest number of isolates was from Ve. carmenti.
Ross River virus was isolated from this species in two con-
secutive years at three sites. Verrallina carmenti is known
to feed on humans during the day and was one of the most
common species collected at human bait sampling in a north
Queensland study.36,37 Verrallina carmenti therefore has po-
tential as a vector of RR virus.
Laboratory evidence shows that Ae. aegypti can be in-
fected with and transmit RR virus.24–26 If virus isolation were
successful this would indicate that Ae. aegypti plays a role
in the transmission of RR virus. Only 121 Ae. aegypti were
processed for virus isolation in our study making virus iso-
lation unlikely. Further attempts to isolate RR virus from Ae.
aegypti are warranted.
The large number of RR virus isolates from a variety of
mosquito species trapped in or near a flying-fox camp sug-
gests that spectacled flying-foxes may be a focus for the
infection of mosquitoes. In order for P. conspicillatus to be
important as a reservoir host mosquito vectors must feed
upon it sufficiently frequently to maintain transmission.
There are no studies of feeding preference of mosquitoes
around P. conspicillatus camps. However, in Brisbane,
southeastern Queensland, Ryan and others found that 16
blood-fed Aedes funereus collected around a flying-fox camp
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containing Pteropus alecto, P. poliocephalus, and Pteropus
scapulatus all contained blood-meals from P. alecto.13 The
limited distribution of P. conspicillatus means that it could
not transport the virus over large geographical areas.38 None-
theless, P. conspicillatus may play a local role as a reservoir
host. Further study of the species is warranted because of
the presence of large numbers in urban Cairns and the high
incidence of human RR virus disease in the city.
Other vertebrates living in the flying-fox camp may also
be important reservoir hosts. These include several species
of rodent (fawn-footed melomys, Melomys cervinipes; ca-
nefield rat, Rattus sordidus; black rat, Rattus rattus; and wa-
ter rat, Hydromys chrysogaster), brown bandicoot (Isoodon
macrourus), striped possum (Dactylopsila trivirgata), other
megachiropteran species, and 10–12 species of microchirop-
tera. Domestic dogs and cats enter the swamp and a number
of bird species also inhabit the area (Trennery M, unpub-
lished data). These animals may be reservoir hosts for RR
virus and therefore would have to be considered in studies
to determine the importance of P. conspicillatus as an RR
virus reservoir host.
This study highlights the need for further research on the
vectors and reservoir hosts of RR virus. The isolates from
mosquito species not previously known to be associated with
RR virus show that this need is particularly pressing in parts
of Australia not studied previously or recently.
Acknowledgments: Georgina Broadsmith is thanked for carrying out
the bulk of the aspirator and sweep-net collections. Christine Atkin
is thanked for carrying out the virus isolation.
Financial Support: The Queensland Arbovirus Advisory Committee,
Queensland Health, provided financial support for the study. Dr. Har-
ley was supported by a National Health and Medical Research Coun-
cil of Australia Dora Lush Biomedical Scholarship.
Authors’ Addresses: David Harley and Scott Ritchie, Tropical Public
Health Unit, P.O. Box 1103, Cairns, Queensland, 4870, Australia.
Debra Phillips, Queensland Medical Laboratories, PO Box 5410,
West End, Queensland 4101, Australia. Andrew van den Hurk,
Queensland Department of Microbiology, The University of Queens-
land, St. Lucia, 4072, Australia.
REFERENCES
1. Karabatsos N, 1985. International Catalogue of Arboviruses.
San Antonio TX: American Society of Tropical Medicine and
Hygiene.
2. Flexman JP, Smith DW, Mackenzie JS, Fraser JRE, Bass SP,
Hueston L, Lindsay MDA, Cunningham AL, 1998. A com-
parison of the diseases caused by Ross River virus and Bar-
mah Forest virus. Med J Aust 169: 159–163.
3. Mackenzie JS, Poidinger M, Lindsay MD, Hall RA, Sammels
LM, 1996. Molecular epidemiology and evolution of mos-
quito-borne flaviviruses and alphaviruses enzootic in Austra-
lia. Virus Genes 11: 225–237.
4. Fraser JRE, 1986. Epidemic polyarthritis and Ross River virus
disease. Clin Rheum Dis 12: 369–388.
5. Selden SM, Cameron AS, 1996. Changing epidemiology of
Ross River virus disease in South Australia. Med J Aust 165:
313–317.
6. Curran M, Harvey B, Crerar S, Oliver G, D’Souza R, Myint H,
Rann C, Andrews R, 1997. Australia’s notifiable disease sta-
tus, 1996. Annual report of the National Notifiable Diseases
Surveillance System. Commun Dis Intell 21: 281–307.
7. Phillips DA, Sheridan J, Aaskov JG, Murray J, Wiemers MA,
1993. Epidemiology of arbovirus infection in Queensland,
1989–1992. Arbovirus Res Aust 6: 245–248.
8. Doherty RL, Standfast HA, Domrow R, Wetters EJ, Whithead
RH, Carley JG, 1971. Studies of the epidemiology of arthro-
pod-borne virus infections at Mitchell River Mission, Cape
York Peninsula, North Queensland. IV. Arbovirus infections
of mosquitoes and mammals, 1967–1969. Trans R Soc Trop
Med Hyg 65: 504–513.
9. Kay BH, Aaskov JG, 1989. Ross River virus (epidemic poly-
arthritis). Monath TP, ed. The Arboviruses: Epidemiology and
Ecology. Volume IV. Boca Raton, FL: CRC Press, 93–112.
10. Mackenzie JS, Broom AK, Hall RA, Johansen CA, Lindsay
MD, Phillips DA, Ritchie SA, Russell RC, Smith DW, 1998.
Arboviruses in the Australian region, 1990 to 1998. Commun
Dis Intell 22: 93–100.
11. Gard G, Marshall ID, Woodroofe GM, 1973. Annually recurrent
epidemic polyarthritis and Ross River virus activity in a coast-
al area of New South Wales II. Mosquitoes, viruses and wild-
life. Am J Trop Med Hyg 22: 551–560.
12. Ritchie SA, Fanning ID, Phillips DA, Standfast HA, McGinn
D, Kay BH, 1997. Ross River virus in Mosquitoes (Diptera:
Culicidae) during the 1994 epidemic around Brisbane, Aus-
tralia. J Med Entomol 34: 156–159.
13. Ryan PA, Martin L, Mackenzie JS, Kay BH, 1997. Investigation
of gray-headed flying foxes (Pteropus poliocephalus) (Me-
gachiroptera: Pteropodididae) and mosquitoes in the ecology
of Ross River virus in Australia. Am J Trop Med Hyg 57:
476–482.
14. Mackenzie JS, Lindsay MD, Coelen RJ, Broom AK, Hall RA,
Smith DW, 1994. Arboviruses causing human disease in the
Australasian zoogeographic region. Arch Virol 136: 447–467.
15. Mackenzie JS, Smith DW, Ellis TM, Lindsay MD, Broom AK,
Coelen RJ, Hall RA, 1994. Human and animal arboviral dis-
eases in Australia. Gilbert GL, ed. Recent Advances in Mi-
crobiology. Melbourne: Australian Society of Microbiology,
1–91.
16. Russell RC, 1994. Ross River virus: disease trends and vector
ecology in Australia. Bull Soc Vector Ecol 19: 73–81.
17. Russell RC, 1998. Vectors vs. humans in Australia: who is on
top down under? An update on vector-borne disease and re-
search on vectors in Australia. J Vector Ecol 23: 1–46.
18. Russell RC, 1995. Arboviruses and their vectors in Australia:
an update on the ecology and epidemiology of some mosqui-
to-borne arboviruses. Rev Med Vet Entomol 83: 141–158.
19. Lindsay M, Oliveira N, Jasinka E, Johansen C, Harrington S,
Wright T, Smith D, Shellam G, 1997. Western Australia’s larg-
est recorded outbreak of Ross River virus disease. Arbovirus
Res Aust 7: 147–152.
20. Ryan PA, Do K-A, Kay BH, 2000. Definition of Ross River
virus vectors at Maroochy shire, Australia. J Med Entomol
37: 146–152.
21. Clancy JG, Russell RC, 1997. The ‘other’ mosquitoes of New
South Wales. Arbovirus Res Aust 7: 41–46.
22. Rosen L, Gubler DJ, Bennett PH, 1981. Epidemic polyarthritis
(Ross River) virus infection in the Cook Islands. Am J Trop
Med Hyg 30: 1294–1302.
23. Marshall ID, Miles JAR, 1984. Ross River virus and epidemic
polyarthritis. Harris KF, ed. Current Topics in Vector Re-
search. New York: Praeger Publishers, 31–56.
24. Gubler DJ, 1981. Transmission of Ross River virus by Aedes
polynesiensis and Aedes aegypti. Am J Trop Med Hyg 30:
1303–1306.
25. Kay BH, Carley JG, Fanning ID, Filippich C, 1979. Quantitative
studies of the vector competence of Aedes aegypti, Culex an-
nulirostris and other mosquitoes (Diptera: Culicidae) with
Murray Valley encephalitis and other Queensland arboviruses.
J Med Entomol 16: 59–66.
26. Mitchell CJ, Gubler DJ, 1987. Vector competence of geographic
strains of Aedes albopictus and Aedes polynesiensis and cer-
tain other Aedes (Stegomyia) mosquitoes for Ross River virus.
J Am Mosq Control Assoc 3: 142–147.
27. Sudia WD, Chamberlain RW, 1962. Battery-operated light trap,
an improved model. Mosquito News 22: 126–129.
28. Kemme JA, van Essen PHA, Ritchie SA, Kay BH, 1993. Re-
sponse of mosquitoes to carbon dioxide and 1-octen-3-ol in
565ROSS RIVER VIRUS ISOLATES FROM QUEENSLAND
southeast Queensland, Australia. J Am Mosq Control Assoc
9: 431–435.
29. Kay BH, 1983. Collection of resting adult mosquitoes at Ko-
wanyama, northern Queensland and Charleville, southwestern
Queensland. J Aust Entomol Soc 22: 19–24.
30. Chiang CL, Reeves WC, 1962. Statistical estimation of virus
infection rates in mosquito vector populations. Am J Hyg 75:
377–391.
31. Watson TM, Kay BH, 1998. Vector competence of Aedes no-
toscriptus (Diptera: Culicidae) for Ross River virus in
Queensland, Australia. J Med Entomol 35: 104–106.
32. Doggett SL, Russell RC, 1997. Aedes notoscriptus can transmit
inland and coastal isolates of Ross River and Barmah Forest
viruses from New South Wales! Arbovirus Res Aust 7: 79–
81.
33. Lee JH, Hicks MH, Debenham ML, Griffiths M, Bryan JH,
Marks EN, 1988. The Culicidae of the Australasian Region.
Volume IX. Canberra: Australian Government Publishing Ser-
vice.
34. Muller MJ, Montgomery BL, Ingram A, Ritchie SA, 2001. First
records of Culex gelidus from Australia. J Am Mosq Control
Assoc (17)1: In press.
35. Burke DS, Leake CJ, 1988. Japanese encephalitis. Monath TP,
ed. The Arboviruses: Epidemiology and Ecology. Volume III.
Boca Raton, Florida: CRC Press, 63–92.
36. Assem J van den, 1961. Mosquitoes collected in the Hollandia
area, Netherlands New Guinea, with notes on the ecology of
larvae. Tijdschr Ent 104: 17–30.
37. Gupta RK, Sweeney AW, Rutledge LC, Cooper RD, Frances SP,
Westrom DR, 1987. Effectiveness of controlled release per-
sonal-use arthropod repellents and permethrin-impregnated
clothing in the field. J Am Mosq Control Assoc 3: 556–560.
38. Hall LS, 1987. Identification, distribution and taxonomy of Aus-
tralian flying-foxes (Chiroptera: Pteropodidae). Aust Mammal
10: 75–79.
39. Harley D, Phillips D, Ritchie S, Atkin C, van den Hurk A, 1997.
Isolation of Ross River virus from mosquitoes trapped in
north Queensland. Arbovirus Res Aust 7: 92–94.
